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Abstract. We investigate the prospects for determining the octant of θ23 in the
future long baseline oscillation experiments. We present our results as contour
plots on the (θ23−45◦, δ)–plane, where δ is the CP phase, showing the true values
of θ23 for which the octant can be experimentally determined at 3σ, 2σ and 1σ
confidence level, in particular, the impact of the non-unitarity of neutrino mixing.
1 The causatum
The recent data indicate that the neutrino mixing angle θ23 deviates from
the maximal-mixing value of 45◦, showing two nearly degenerate solutions,
one in the lower octant (LO) (θ23 < 45
◦) and one in the higher octant (HO)
(θ23 > 45
◦). This can hamper the interpretation of neutrino oscillation data.
We have presented the sensitivity to the determination of the θ23 octant
(θ23 ≤ pi/4 or θ23 ≥ pi/4) in DUNE in four different scenarios. On the one hand,
we have updated the 1σ, 2σ and 3σ confidence level contours for the Standard
Model, where oscillations are constituted between three active neutrinos. On
the other hand, we have also given these contours for three different scenarios
where the octant sensitivity is interfered by sterile neutrinos and other potential
sources for physics beyond Standard Model. We analyzed these scenarios by
parametrizing the new physics with the methods that were originally introduced
in Refs. [1] and [2] to describe non-unitarity of the light neutrino mixing matrix.
We found that the non-unitarity of the mixing matrix caused the sensitivity
θ23 octant to decrease from the Standard Model case. Nevertheless, due to the
strictness of the existing bounds for the non-unitarity parameters αij , i, j =
1, 2, 3 derived in Ref. [3] and for α``′ , `, `
′ = e, µ, τ derived in Ref. [2] the
observed drop in the octant sensitivity was found to be very small and the
bounds are within 90% and 2σ confidence levels. The worsening of the octant
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sensitivity due to sterile neutrino was found larger than this. The sensitivity
was calculated in this case using the bounds on α``′ given in Ref. [2]. The
worsening of the sensitivity was found to be less than 1◦ in each octant.
Parameter (95% CL) ∆m241 ∼ 0.1− 1 eV2 ∆m241 ≥ 100 eV2
αee 1.0× 10−2 2.4× 10−2
αµµ 1.4× 10−2 2.2× 10−2
αττ 1.0× 10−1 1.0× 10−1
|αµe| 1.7× 10−2 2.5× 10−2
|ατe| 4.5× 10−2 6.9× 10−2
|ατµ| 5.3× 10−2 1.2× 10−2
Table 1: Bounds on non-unitary parameters in α``′ representation, taken from [2]. In this
scenario the constraints would correspond to mixing with a light sterile neutrino in two mass
scales: ∆m241 ∼ 0.1− 1 eV2 (left column) and ∆m241 ≥ 100 eV2 (right column).
Figure 1: Octant determination in DUNE in the presence of non-unitary mixing in top two
and light sterile mixing with 0 < ∆m241 < 1 eV
2 or ∆m41 ≥ 100 eV2 in bottom two figures.
We found the decrease in sensitivity due to the light sterile neutrino to be
substantially less significant than that reported in Ref. [4] where the impact
of a sterile neutrino with mixing angles θ14 = θ24 = 9
◦ and θ34 = 0◦ was
considered in the determination of the θ23 octant in DUNE. Evidence of this
sensitivity decrease, can be seen from the comparison between our Figure 1
with Fig. 3 of Ref. [4]. When converted to the non-unitarity formalism (see the
appendix of Ref. [1]), this kind of sterile neutrino would imply non-unitarity
whose parameter values lie close to the existing bounds we presented for 0 <
∆m241 < 1 eV
2 in Table 1. On the other hand, our investigation takes into
account all possibilities for light sterile neutrinos, whereas the authors of Ref. [4]
consider a specific model. Thus our results are in this respect more general,
therefore statistically favoured by comparison and hence the difference between
the two sets. If the model of Ref. [4] (disfavoured by roughly 95% CL) is realized
in nature, then the ability of DUNE to tell the θ23 octancy is deteriorated.
We also tested how the octant sensitivity changed when the new physics
parameters αij were left unconstrained. This type of simulation corresponds
to a new physics scenario, where sterile neutrinos are associated with other new
physics effects, not taken into account in Refs. [2] and [3] when deriving the
bounds for the non-unitary and light sterile mixing effects. An example of this
could be non-standard interactions involved in the neutrino propagation. Our
simulations showed that in the worst case the octant could be determined at
3σ CL or better for θ23 . 41.0◦ and θ23 & 48.5◦ for the normal hierarchy to be
compared with the bounds θ23 . 43.5◦ and θ23 & 46.5◦ of the standard case.
2 The succinct
We found that non-unitarity of the neutrino mixing matrix or the possible
existence of light sterile neutrinos affect only mildly the sensitivity of DUNE
to determine the octant of θ23. This is in contrast with the determination of
the CP violation, where the presence of sterile neutrinos could jeopardize the
sensitivity [2, 3, 5]. See arXiv:1708.05182 for detail analysis.
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